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1
ELECTRIC VEHICLE DRIVING SUPPORT
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electric vehicle driving
support system.

Priority is claimed on Japanese Patent Application No.
2012-085327, filed on Apr. 4, 2012, the content of which is
incorporated herein by reference.

2. Description of Related Art

In the related art, for example, a driving support apparatus
is known which urges a driver to perform a driving manipu-
lation which improves a fuel efficiency based on periodicity
of accelerator manipulation and predictive information of
traffic congestion (for example, see Japanese Patent Applica-
tion No. 2011-088567).

Additionally, in the related art, for example, a controller for
ahybrid vehicle is known that sets an allowable upper limit of
discharge capacity of a battery in consideration of charge
capacity which can be achieved by a regenerative braking
expected during in a downhill road, and that controls so that
the residual capacity becomes minimum at the highest point
of a traveling route (for example, Japanese Unexamined
Patent Application, First Publication No. 2001-169408).

Additionally, in the related art, for example, a charging
controller is known that improves fuel efficiency and sup-
presses exhaust gas by raising the upper limit value of residual
capacity of a battery when a position, at which traffic conges-
tion occurs, is detected, charging the battery so that the
residual capacity of the battery reaches the upper limit value
of residual capacity when the vehicle reaches the traffic con-
gestion, and lowering the lower limit value of residual capac-
ity and traveling by the driving power of a motor during in the
traffic congestion (for example, see Japanese Unexamined
Patent Application, First Publication No. 2000-134719).

SUMMARY OF THE INVENTION

The driving support apparatus according to the above-
mentioned related art can only support the driving in consid-
eration of a fuel consumption tendency depending on the
frequency characteristics of accelerator manipulation, and
there is a need for controlling a regenerative electric vehicle in
consideration of more comprehensive energy balance.

The controller according to the above-mentioned related
art can only charge a battery in consideration of the regenera-
tive braking during in a downhill road, and there is a need for
making a control in consideration of energy balance during in
traffic congestion.

The charging controller according to the above-mentioned
related art can only prioritize the electrical traveling during in
traffic congestion, and there is a need for making a control in
consideration of more comprehensive energy balance during
in traffic congestion.

The aspect of the present invention is made in consider-
ation of the above-mentioned circumstances and an object
thereof is to provide an electric vehicle driving support sys-
tem which can comprehensively support economical driving
based on predictive information of traffic congestion.

In order to solve the above-mentioned problems and to
achieve the above-mentioned object, an electric vehicle driv-
ing support system according to the present invention
employs the following configurations.

(1) An electric vehicle driving support system according to
anaspect of the present invention includes: an acquisition unit
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2

that acquires predictive information of traffic congestion cal-
culated based on acceleration of an electric vehicle; and an
economical driving mode output unit that outputs a control
instruction to prioritize speed maintenance or acceleration
when the predictive information of traffic congestion
acquired by the acquisition unit indicates a non-congestion
tendency, and that outputs a control instruction to prioritize
deceleration when the predictive information of traffic con-
gestion indicates a congestion tendency.

(2) The electric vehicle driving support system according
to (1) may further include a display unit that changes a display
mode depending on details of the control instruction output
from the economical driving mode output unit.

(3) The electric vehicle driving support system according
to (1) or (2) may further include a control unit that controls the
driving of the electric vehicle depending on details of the
control instruction output from the economical driving mode
output unit.

(4) The electric vehicle driving support system according
to (1) or (2) may further include: a regeneration prioritization
mode output unit that outputs a control instruction to priori-
tize deceleration regardless of whether the predictive infor-
mation of traffic congestion indicates a non-congestion ten-
dency or the predictive information of traffic congestion
indicates a congestion tendency; and a setting unit that sets
which of the economical driving mode output unit and the
regeneration prioritization mode output unit to select depend-
ing on an input from a driver.

According to the aspect of (1), when the predictive infor-
mation of traffic congestion indicates a non-congestion ten-
dency (a tendency to rectify a traffic flow), maintaining of a
present speed or accelerating to avoid formation of a vehicle
group contributes to avoiding traffic congestion and allows
desired driving with a slow variation in speed, thereby result-
ing in improvement of fuel efficiency.

On the other hand, when the predictive information of
traffic congestion indicates a congestion tendency (a ten-
dency to non-rectify a traffic flow), obtaining of regenerated
energy by necessary deceleration depending on the traffic
flow can realize economical driving in comprehensive energy
balance, for example, compared with losing of energy by
maintenance of a speed or acceleration.

According to the aspect of (2), acceleration and decelera-
tion are determined depending on a driver’s intention, but it is
possible to urge a driver to perform an economical driving
manipulation by providing the driver with information for
supporting economical driving on a display such as an appro-
priate meter or an information display.

According to the aspect of (3), since the predictive infor-
mation of traffic congestion, for example, based on an accel-
eration spectrum (a power spectrum obtained by frequency-
analyzing acceleration) of the electric vehicle has a high
real-time property, there are situations which are difficult for
a driver to switch the driving manipulation at this response
speed. Even in this case, by automatically controlling travel-
ing of'the electric vehicle depending on details of the control
instruction output from the economical driving mode output
unit, it is possible to perform the optimal driving manipula-
tion and to easily realize economical driving.

According to the aspect of (4), in a regenerative type elec-
tric vehicle, by performing a regeneration prioritization
mode, which increases the cruising range by regeneration,
instead of driving to avoid traffic congestion, it is possible to
travel with a priority given to regeneration regardless of the
predictive information of traffic congestion and thus the eco-
nomical driving in comprehensive energy balance can be
realized.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configuration of an elec-
tric vehicle equipped with an electric vehicle driving support
system according to an embodiment of the present invention.

FIG. 2A is a diagram illustrating an example of an accel-
eration spectrum according to the embodiment of the present
invention.

FIG. 2B is a diagram illustrating an example of an accel-
eration spectrum according to the embodiment of the present
invention.

FIG. 3A is a diagram illustrating a display example of a
display of the electric vehicle driving support system accord-
ing to the embodiment of the present invention.

FIG. 3B is a diagram illustrating a display example of a
display of the electric vehicle driving support system accord-
ing to the embodiment of the present invention.

FIG. 4 is a flowchart illustrating a flow of operations of the
electric vehicle driving support system according to the
embodiment of the present invention.

FIG. 5 is a diagram illustrating the configuration of an
electric vehicle equipped with an electric vehicle driving
support system according to a modified example of the
embodiment of the present invention.

FIG. 6 is a diagram illustrating an example of a probability
density distribution according to a modified example of the
embodiment of the present invention.

FIG. 7A is a diagram illustrating an example of a distribu-
tion of covariance value according to a modified example of
the embodiment of the present invention.

FIG. 7B is a diagram illustrating an example of a distribu-
tion of covariance value according to a modified example of
the embodiment of the present invention.

FIG. 8 is a diagram illustrating an example of a correlation
map of the minimum covariance value and the maximal slope
value according to a modified example of the embodiment of
the present invention.

FIG. 9 is a diagram illustrating a relationship between a
traffic density and a traffic volume according to a modified
example of the embodiment of the present invention.

FIG. 10 is a diagram illustrating an example of a correla-
tion map of a logarithm of the minimum covariance value
with respect to the inter-vehicle distance distribution and a
logarithm of the maximum slope value with respect to an
acceleration spectrum according to a modified example of the
embodiment of the present invention.

FIG. 11 is a flowchart illustrating a flow of operations of an
electric vehicle driving support system according to a modi-
fied example of the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an electric vehicle driving support system
according to an embodiment of the present invention will be
described referring to the accompanying drawings.

An electric vehicle driving support system 10 according to
the present embodiment is mounted on an electric vehicle 1
that travels with a driving force of a motor (not shown) driven
with a supply of power from a power source (not shown) such
as a battery, and includes various sensors 11, a switch (setting
unit) 12, various actuators 13, a display (display unit) 14, a
speaker 15, and a vehicle-processing apparatus 16.

Various sensors 11 include such as, for example, a speed
sensor for detecting a speed based on a wheel speed of the
electric vehicle 1 and a yaw rate sensor for detecting the yaw
rate of the electric vehicle 1, and outputs a detection result
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signal, which is relevant to the traveling state of the electric
vehicle 1, to the vehicle-processing apparatus 16.

The switch 12 outputs, for example, various signals rel-
evant to traveling control of the electric vehicle 1 to the
vehicle-processing apparatus 16.

Various signals output from the switch 12 include such as,
for example, a signal relevant to a manipulation state (for
example, a manipulation position) of a driver on a brake pedal
oran acceleration pedal, various signals (for example, such as
a signal for instructing control start or control stop and a
signal for instructing an increase or a decrease in target speed
or target inter-vehicle distance from a preceding vehicle)
relevant to automatic traveling control of automatically con-
trolling the traveling state of the electric vehicle 1 according
to adriver’s input manipulation, and a signal for instructing to
select various driving modes such as an economical driving
mode and a regeneration prioritization mode.

The economical driving mode is, for example, a driving
mode in which a control instruction to prioritize speed main-
tenance or acceleration is output when a predictive degree of
traffic congestion (predictive information of traffic conges-
tion), which will be described later, indicates a non-conges-
tion tendency, and a control instruction to prioritize decelera-
tion is output when the predictive degree of traffic congestion
indicates a congestion tendency.

Additionally, the regeneration prioritization mode is, for
example, a driving mode in which a control instruction to
prioritize deceleration is output regardless of whether the
predictive information of traffic congestion indicates a con-
gestion tendency.

Various actuators 13 include such as, for example, a throttle
actuator controlling a driving force of the electric vehicle 1, a
brake actuator controlling braking of the electric vehicle 1,
and a steering actuator controlling steering of the electric
vehicle 1, and are controlled and driven by a control signal
output from the vehicle-processing apparatus 16.

Examples ofthe display 14 include various displays having
a display screen such as a liquid crystal display screen, a
headup display displaying an image by projection using a
front window as a display screen, and various lights, and
perform displaying, lighting, or lights-out based on a control
signal output from the vehicle-processing apparatus 16.

The speaker 15 outputs a warning sound or audio according
to a control signal output from the vehicle-processing appa-
ratus 16.

The display 14 and the speaker 15 may be included in
various in-vehicle instruments such as a navigation appara-
tus.

The vehicle-processing apparatus 16 includes, for
example, a calculation processing unit 21, a traveling control
unit (an economical driving mode output unit, a control unit,
a regeneration prioritization mode output unit) 22, and a
notification control unit (an economical driving mode output
unit) 23.

The calculation processing unit 21 includes, for example, a
present position-detecting unit 31, a map data storage unit 32,
an acceleration-calculating unit 33, a frequency-analyzing
unit 34, a simple linear regression line-calculating unit 35, a
maximum slope value-calculating unit 36, a traffic conges-
tion-predicting unit (an acquisition unit) 37, and an informa-
tion storage unit 38.

The present position-detecting unit 31 detects the present
position of the electric vehicle 1, for example, using a posi-
tioning signal received by an antenna 31a that receives the
positioning signal such as a GPS (Global Positioning System)
signal for measuring the position of the electric vehicle 1
using an artificial satellite.



US 9,174,550 B2

5

The present position-detecting unit 31 may detect the
present position of the electric vehicle 1 using an autonomous
navigation-calculating process based on the speed and the
yaw rate of the electric vehicle 1 output from various sensors
11 in parallel.

The map data storage unit 32 stores map data.

The map data includes, for example, road coordinate data
representing positional coordinates on a road necessary for a
map-matching process based on the present position of the
electric vehicle 1 and road data (for example, nodes which are
coordinate points including the latitude and the longitude of
predetermined positions on a road such as intersections and
bifurcations, links which are lines connecting the nodes, road
shapes, and road types) necessary for processes such as path
search or path guidance.

The acceleration-calculating unit 33 calculates the accel-
eration of the electric vehicle 1 from the temporal variation in
speed or the temporal variation in present position, for
example, based on information on the speed of the electric
vehicle 1 output from various sensors 11 or information on
the present position detected by the present position-detect-
ing unit 31.

The frequency-analyzing unit 34 frequency-analyzes the
acceleration of the electric vehicle 1 calculated by the accel-
eration-calculating unit 33 and calculates the power spectrum
corresponding to the frequency.

For example, by frequency-analyzing the acceleration val-
ues of the electric vehicle 1 detected by the acceleration-
calculating unit 33 in two different appropriate traveling
states, acceleration spectrums S1 and S2 corresponding to the
frequencies are calculated as the power spectrum as shown in
FIGS. 2A and 2B.

The simple linear regression line-calculating unit 35 cal-
culates a simple linear regression line in the power spectrums
calculated by the frequency-analyzing unit 34.

For example, the simple linear regression lines [.1 and [.2
are calculated from the acceleration spectrums S1 and S2
shown in FIGS. 2A and 2B.

The maximum slope value-calculating unit 36 calculates
the maximum value of a variation in slope of the simple linear
regression line within a predetermined frequency range as a
maximum slope value with respect to the simple linear regres-
sion lines calculated by the simple linear regression line-
calculating unit 35.

For example, the maximum slope value-calculating unit 36
calculates the slopes a1 and a2 (=Y/X) with respect to the
simple linear regression lines [.1 and [.2 shown in FIGS. 2A
and 2B based on the variation X of spectrum value within a
predetermined frequency range Y (for example, a frequency
range of 0 to 0.5 Hz corresponding to a time range of several
seconds to several minutes).

The traffic congestion-predicting unit 37 calculates a pre-
dictive degree of traffic congestion (predictive information of
traffic congestion) indicating the possibility of traffic conges-
tion to occur or the possibility of previously-occurring traffic
congestion based on the maximum slope value calculated by
the maximum slope value-calculating unit 36.

The predictive degree of traffic congestion is, for example,
a parameter corresponding to the maximum slope value,
increases when the possibility of traffic congestion in the
front of the traveling direction of the electric vehicle 1 is high,
and decreases when the possibility of traffic congestion is
low.

The predetermined threshold value used to determine the
magnitude of the predictive degree of traffic congestion can

35

40

45

65

6

be arbitrarily set, and “-45 degrees” which is known as a (1/f)
fluctuation property can be generally used as the predeter-
mined threshold value.

For example, when the absolute value of the slope c. of the
simple linear regression line calculated by the simple linear
regression line-calculating unit 35 is small, this corresponds
to a case where shock waves (vibration, fluctuation) received
from a preceding vehicle are small and a case where a
response delay with respect to the preceding vehicle is small
and the inter-vehicle distance is large and difficult to form a
vehicle group, that is, the possibility of traffic congestion is
low. In this case, the predictive degree of traffic congestion is
a small value.

On the contrary, when the absolute value of the slope a is
large, this corresponds to a case where shock waves (vibra-
tion, fluctuation) received from a preceding vehicle are large
and a case where the response delay to the preceding vehicle
is large and a vehicle group can be easily dense, that is, the
possibility of traffic congestion is high. In this case, the pre-
dictive degree of traffic congestion has a large value.

Here, the term shock waves (vibration, fluctuation) repre-
sents that, due to the repeatedly accelerating movement and
decelerating movement of the vehicle, this movement (for-
ward and backward movement) is propagated as a kind of
vibration to a following vehicle.

Therefore, the traffic congestion-predicting unit 37 calcu-
lates a predictive degree of traffic congestion based on the
magnitude of the slope a of the simple linear regression line
calculated by the simple linear regression line-calculating
unit 35, more specifically, the maximum slope value calcu-
lated by the maximum slope value-calculating unit 36.

For example, the traffic congestion-predicting unit 37 cal-
culates a function (for example, y=ax+b) representing the
relationship between the maximum slope value (x) and the
predictive degree of traffic congestion (y) in advance and
calculates the traffic congestion signal value (y) with respect
to the maximum slope value (x) calculated by the maximum
slope value-calculating unit 36.

The traffic congestion-predicting unit 37 may prepare and
store the relationship between the maximum slope value and
the predictive degree of traffic congestion corresponding
thereto as a table in the information storage unit 38 in
advance, and may calculate the predictive degree of traffic
congestion with respect to the calculated maximum slope
value referring to the table.

The traffic congestion-predicting unit 37 prepares driving
support information representing driving support necessary
for traffic congestion avoidance or traffic congestion release
for the electric vehicle 1 based on the calculated predictive
degree of traffic congestion and the map data stored in the
map data storage unit 32.

The driving support information is, for example, informa-
tion used for traveling control of the electric vehicle 1 so as to
prevent occurrence of traffic congestion or notifying to a
driver from the display 14 or the speaker 15 of the electric
vehicle 1.

More specifically, for example, the driving support infor-
mation includes information of a target speed or target inter-
vehicle distance in automatic traveling control necessary for
traffic congestion avoidance or traffic congestion release for
the electric vehicle 1, information of a predetermined driving
manipulation such as an increase in inter-vehicle distance
from a preceding vehicle or suppression of an accelerating
action, and information of path search or path guidance for
the electric vehicle 1.
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The information storage unit 38 stores the predictive
degree of traffic congestion and the driving support informa-
tion sequentially prepared by the traffic congestion-predict-
ing unit 37.

The traveling control unit 22 controls the traveling of the
electric vehicle 1, for example, by controlling the driving of
the throttle actuator, the brake actuator, and the steering
actuator based on the predictive degree of traffic congestion
and the driving support information calculated by the traffic
congestion-predicting unit 37, various signals output from the
switch 12, and the signals of detection result according to the
traveling state of the electric vehicle 1 output from various
sensors 11.

For example, the traveling control unit 22 starts or stops
execution of the automatic traveling control, or sets or
changes the target speed or the target inter-vehicle distance in
the automatic traveling control, based on the signals output
from the switch 12.

For example, when the economical driving mode is
selected by a driver in response to the signals output from the
switch 12, the traveling control unit 22 outputs a control
instruction to prioritize speed maintenance or acceleration
when the predictive degree of traffic congestion calculated by
the traffic congestion-predicting unit 37 indicates a non-con-
gestion tendency, and outputs a control instruction to priori-
tize deceleration when the predictive degree of traffic conges-
tion indicates a congestion tendency.

For example, when the regeneration prioritization mode is
selected by the driver in response to the signals output from
the switch 12, the traveling control unit 22 outputs a control
instruction to prioritize deceleration regardless of whether the
predictive degree of traffic congestion indicates the conges-
tion tendency.

The congestion tendency indicated by the predictive
degree of traffic congestion is a tendency of non-rectify of a
traffic flow, and, for example, corresponds to a case where the
absolute value of the maximum slope value calculated by the
maximum slope value-calculating unit 36 is larger than a
predetermined range (for example, a range 0of 30° to 45°), and
represents that the possibility of traffic congestion to occur in
front of the traveling direction of the electric vehicle 1 is high
(or that the possibility of previously-occurring traffic conges-
tion is high).

On the other hand, the non-congestion tendency indicated
by the predictive degree of traffic congestion is a tendency of
rectify of a traffic flow, and, for example, corresponds to a
case where the absolute value of the maximum slope value
calculated by the maximum slope value-calculating unit 36 is
smaller than a predetermined range (for example, a range of
30° to 45°), and represents that the possibility of traffic con-
gestion to occur in front of the traveling direction of the
electric vehicle 1 is low (or that the possibility of previously-
occurring traffic congestion is low).

That is, when there is a non-congestion tendency during the
economical driving mode, the traveling control unit 22
instructs prioritization of maintenance of the present speed or
prioritization of acceleration for avoiding formation of a
vehicle group so as to cause the electric vehicle 1 to avoid
traffic congestion and cause a following vehicle of the electric
vehicle 1 to make it difficult to cause traffic congestion, or to
release the traffic congestion of the surrounding of the electric
vehicle 1.

On the other hand, when there is a congestion tendency
during the economical driving mode, the traveling control
unit 22 instructs prioritization of deceleration so as to obtain
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regenerated energy by performing deceleration to correspond
to the traffic flow, instead of losing energy due to speed
maintenance or acceleration.

The traveling control unit 22 controls the driving of the
electric vehicle 1, for example, by outputting a control
instruction to change various parameters relevant to the
operations of various actuators 13 or outputting a control
instruction to change the target speed or the target inter-
vehicle distance necessary for the automatic traveling control
(for example, constant-speed traveling control of matching
the actual speed with the target speed or inter-vehicle distance
control or following traveling control of matching the actual
inter-vehicle distance from another vehicle such as a preced-
ing vehicle with the target inter-vehicle distance) as the con-
trol instruction to prioritize speed maintenance or accelera-
tion or the control instruction to prioritize deceleration.

The notification control unit 23 controls various notifica-
tion operations by controlling the display 14 and the speaker
15 based on the predictive degree of traffic congestion and the
driving support information calculated by the traffic conges-
tion-predicting unit 37 and various signals output from the
switch 12.

For example, the notification control unit 23 can display a
variation of the traffic congestion signal value sequentially
calculated by the traffic congestion-predicting unit 37 in time
series. In the display example shown in FIGS. 3A and 3B, the
history of the predictive degree of traffic congestion calcu-
lated by the traffic congestion-predicting unit 37 from the
present time to a predetermined past time is displayed in a
display mode (for example, a so-called analog display such as
abar graph having a height and a display color corresponding
to the predictive degree of traffic congestion) corresponding
to the magnitude of the predictive degree of traffic conges-
tion.

When the economical driving mode is selected by a driver
in response to the signals output from the switch 12 and the
predictive degree of traffic congestion calculated by the traffic
congestion-predicting unit 37 indicates a non-congestion ten-
dency, the notification control unit 23 displays a predictive
degree of traffic congestion smaller than a predetermined
threshold value in a predetermined display color (for
example, green indicating that speed maintenance or accel-
eration is prioritized), for example, as shown in FIG. 3A.

On the other hand, when the predictive degree of traffic
congestion indicates a congestion tendency, the notification
control unit 23 displays a predictive degree of traffic conges-
tion larger than a predetermined threshold value in a prede-
termined display color (for example, red indicating that
deceleration is prioritized), for example, as shown in FIG. 3B.

That is, when there is a non-congestion tendency in the
economical driving mode, the notification control unit 23
notifies the instruction to prioritize maintenance of the
present speed or to prioritize acceleration for avoiding for-
mation of a vehicle group so as to cause the electric vehicle 1
to avoid traffic congestion and cause a following vehicle of
the electric vehicle 1 to make it difficult to cause traffic
congestion or to release the traffic congestion of the surround-
ing of the electric vehicle 1.

On the other hand, when there is a congestion tendency in
the economical driving mode, the notification control unit 23
notifies the instruction to prioritize deceleration so as to
obtain regenerated energy by performing deceleration to cor-
respond to the traffic flow, instead of losing energy due to
speed maintenance or acceleration.

The notification control unit 23 is not limited to, for
example, the graphs shown in FIGS. 3A and 3B. For example,
a message directly instructing prioritization of speed mainte-
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nance or acceleration or prioritization of deceleration may be
displayed, or prioritization of speed maintenance or accelera-
tion or prioritization of deceleration may be so-called indi-
rectly instructed by an appropriate lighting display, a flicker-
ing display, or the like.

The notification control unit 23 controls, for example, the
output of a warning sound or voice from the speaker 15 to
notify the instruction of a driving manipulation (such as
instructions to prioritize speed maintenance or acceleration or
to prioritize deceleration and an instruction of a target speed
or a target inter-vehicle distance).

For example, when the regeneration prioritization mode is
selected by a driver in response to the signals output from the
switch 12, the notification control unit 23 notifies the instruc-
tion to prioritize deceleration using the display 14 and the
speaker 15, regardless of whether the predictive degree of
traffic congestion indicates a congestion tendency.

The electric vehicle driving support system 10 according to
this embodiment has the above-mentioned configuration, and
the operation of the electric vehicle driving support system 10
will be described below.

First, for example, in step S01 shown in FIG. 4, the speed
of'the electric vehicle 1 is detected using the speed sensor of
various sensors 11, and the present position of the electric
vehicle 1 is detected using the present position-detecting unit
31.

Then, in step S02, the acceleration of the electric vehicle 1
is calculated from the temporal variation in speed or the
temporal variation in the present position based on the speed
or the present position of the electric vehicle 1.

In step S03, the acceleration of the electric vehicle 1 is
frequency-analyzed to calculate the power spectrum corre-
sponding to the frequency.

Then, in step S04, the simple linear regression line is cal-
culated in the power spectrum, and the maximum value of the
variation in slope of the simple linear regression line within a
predetermined frequency range is calculated as the maximum
slope value (calculation of the maximum value of simple
linear regression).

In step S05, it is determined whether the maximum slope
value (for example, the maximum slope value equal to or
greater than a predetermined value) is calculated.

When the determination result is “NO”, the process of step
S01 is performed again.

On the other hand, when the determination result is “YES”,
the process of step S06 is performed.

In step S06, the predictive degree of traffic congestion
representing the possibility of traffic congestion to occur or
the possibility of previously-occurring traffic congestion is
calculated based on the absolute value of the maximum slope
value.

Then, in step SO07, it is determined whether the calculated
predictive degree of traffic congestion indicates a congestion
tendency, for example, depending on whether the absolute
value of the maximum slope value is greater than a predeter-
mined range (for example, such as a range of 30° to 45°).

When the determination result is “YES”, the process of
step S08 is performed. In step S08, a control instruction to
prioritize deceleration is output and then the flow of opera-
tions is ended.

On the other hand, when the determination result is “NO”,
the process of step S09 is performed. In step S09, a control
instruction to prioritize speed maintenance or acceleration is
output and then the flow of operations is ended.

As described above, in the electric vehicle driving support
system 10 according to this embodiment, it is possible to
improve driving efficiency of an electric vehicle 1 having
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small energy output, for example, compared with a vehicle
having an internal combustion engine as a traveling drive
source, by controlling traveling pattern in detail in consider-
ation of comprehensive energy balance due to the difference
in traveling state of the electric vehicle 1 depending on the
predictive degree of traffic congestion indicates a non-con-
gestion tendency or a congestion tendency.

That is, by prioritizing maintenance of the present speed or
prioritizing acceleration so as to avoid formation of a vehicle
group when the predictive degree of traffic congestion indi-
cates a non-congestion tendency in the economical driving
mode, it is possible to avoid traffic congestion and to enable a
desired traveling with a slow variation in speed, thereby
improving electrical energy efficiency.

On the other hand, by prioritizing deceleration necessary
for corresponding to a traffic flow when the predictive degree
of traffic congestion indicates a congestion tendency in the
economical driving mode, it is possible to recover regener-
ated energy and thus to realize economical driving in com-
prehensive energy balance, for example, compared with a
case where energy is lost due to speed maintenance or accel-
eration.

Additionally, by displaying history of the predictive degree
of traffic congestion as information for supporting economi-
cal driving in an analog manner in the economical driving
mode, it is possible to urge a driver to perform an economical
driving manipulation.

Additionally, by automatically controlling the traveling of
the electric vehicle 1 depending on whether the predictive
degree of traffic congestion indicates a non-congestion ten-
dency or a congestion tendency in the economical driving
mode, it is possible to perform the optimal driving manipu-
lation in comprehensive energy balance and thus to more
easily realize economical driving.

Additionally, by allowing a driver to select various driving
modes such as the economical driving mode and the regen-
eration prioritization mode, it is possible to enable regenera-
tion-prioritized traveling of increasing the cruising range
regardless of the predictive degree of traffic congestion and
thus to realize economical driving.

In the above-mentioned embodiment, for example, like an
electric vehicle 1 according to a modified example shown in
FIG. 5, a traffic congestion-predicting calculation may be
performed based on the inter-vehicle distance information
between the electric vehicle 1 and a preceding vehicle in
addition to the acceleration of the electric vehicle 1.

The configuration of the electric vehicle 1 according to this
modified example is different from the configuration of the
electric vehicle 1 according to the above-mentioned embodi-
ment, for example, in that the calculation processing unit 21
additionally includes a preceding vehicle-detecting unit 41,
an inter-vehicle distance-calculating unit 42, an inter-vehicle
distance distribution-estimating unit 43, a minimum covari-
ance value-calculating unit 44, and a correlation-calculating
unit 45 and an external surrounding sensor such as a radar
apparatus or an imaging apparatus detecting an external sur-
rounding of the electric vehicle 1 are added as the various
sensors 11.

That is, the calculation processing unit 21 of the electric
vehicle 1 according to the modified example includes, for
example, the present position-detecting unit 31, the map data
storage unit 32, the acceleration-calculating unit 33, the fre-
quency-analyzing unit 34, the simple linear regression line-
calculating unit 35, the maximum slope value-calculating
unit 36, the traffic congestion-predicting unit 37, the infor-
mation storage unit 38, the preceding vehicle-detecting unit
41, the inter-vehicle distance-calculating unit 42, the inter-
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vehicle distance distribution-estimating unit 43, the mini-
mum covariance value-calculating unit 44, and the correla-
tion-calculating unit 45.

The radar apparatus divides a detection target area set in the
external surrounding (the external surrounding in the front of
the traveling direction and the like) of the electric vehicle 1
into plural angle areas, scans the respective angle areas, and
emits emission signals of electromagnetic waves. Then, the
radar apparatus receives reflection signals of retlected waves
obtained by reflection of the emission signals from an exter-
nal object (for example, a preceding vehicle and the like) or a
pedestrian outside the electric vehicle 1. A signal correspond-
ing to the emission signals and the reflection signals, that is, a
detection signal according to a distance from the radar appa-
ratus to the external object or the pedestrian, is generated and
the generated detection signal is output.

Additionally, for example, the imaging apparatus includes
a camera, performs a predetermined image process on an
image obtained by imaging an imaging area set in the external
surrounding (the external surrounding in front of the traveling
direction or the like) of the electric vehicle 1, generates image
data (for example, a moving image or plural intermittent still
images of a time series and the like), and outputs the gener-
ated image data.

The preceding vehicle-detecting unit 41 detects preceding
vehicles present in front of the traveling direction of the
electric vehicle 1 based on the signal output from the external
surrounding sensor.

The inter-vehicle distance-calculating unit 42 detects inter-
vehicle distances from each of preceding vehicles of the
electric vehicle 1 detected by the preceding vehicle-detecting
unit 41.

The inter-vehicle distance distribution-estimating unit 43
estimates an inter-vehicle distance distribution based on the
inter-vehicle distances between the electric vehicle 1 and
each of preceding vehicles detected by the inter-vehicle dis-
tance-calculating unit 42 and the number of preceding
vehicles detected.

For example, when vehicle groups (that is, sets of preced-
ing vehicles of which the inter-vehicle distances are relatively
dense) in front of the electric vehicle 1 are detected from the
information of the inter-vehicle distances and the number of
vehicles, the inter-vehicle distance distribution-estimating
unit 43 applies a Gaussian distribution (probability density
distribution) on each vehicle groups using a distribution esti-
mating method such as a variational Bayesian method.

For example, when two vehicle groups are detected, the
two vehicle groups can be understood as a distribution in
which two Gaussian distributions are linearly combined. For
example, as shown in FIG. 6, a probability function P(X)
representing the total distribution is obtained as the sum (su-
perposition) of probability functions P1(X) and P2(X) repre-
senting two Gaussian distributions.

Here, when the Gaussian distribution (probability func-
tion) is expressed by N(xI,X), the superposition of plural
Gaussian distributions shown in FIG. 6 is described by
Expression 1.

Expression 1

K M
PO = 3 mN x|, )
k=1

In Expression 1, an expected value (average value) L, rep-
resents a position having the highest density, where k is a
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natural number. A covariance value (matrix) X, represents
distortion of the distribution, that is, how the density
decreases when in what direction from the expected value
it gets away. The combination coefficient (combination ratio)
7, (0=, 1) of the Gaussian distributions represents how the
respective Gaussian distributions contribute and is expressed
as so-called probability.

For example, the minimum covariance value-calculating
unit 44 performs a calculation process using a variational
Bayesian method or the like to calculate the parameter (cova-
riance) in which the likelihood function obtained from the
probability function P(X) is the maximum.

For example, the minimum covariance value-calculating
unit 44 calculates the covariance value X, for each Gaussian
distribution in the probability function P(X) obtained by
superposing plural Gaussian distributions as shown in FIG. 6.
Then, the minimum value of the plural covariance values X,
obtained for the respective Gaussian distributions is calcu-
lated.

For example, in the graph V of a distribution of the cova-
riance value X, shown in FIG. 7A, the graph is sharp at
variable 8=0, whereby 0 represents a variable (for example,
the covariance value X, itself and the like) relevant to the
covariance value Z,, which indicates a traveling state in which
vehicle groups hardly varies, that is, the inter-vehicle dis-
tances are almost constant.

On the other hand, the distribution of the covariance value
2, shown in FIG. 7B is constructed by two graphs of graph V1
having a peak at a value 81 in the negative region of variable
d relevant to the covariance value X, and graph V2 having a
peak at a value 82 of the positive region. Graphs V1 and V2
have a predetermined fluctuation range for variable 4 relevant
to the covariance value Z,, and represent that plural sets of
vehicles 2 having a variation in vehicle group, that is, having
different inter-vehicle distances, exist.

For example, in FIG. 7A, the minimum value (minimum
covariance value) of the covariance value 2, is almost zero.
For example, in FIG. 7B, the minimum value of the covari-
ance value 2, is the value 81 which is the smaller of two values
81 and 82.

The correlation-calculating unit 45 prepares a correlation
map of the maximum slope value calculated by the maximum
slope value-calculating unit 36 and the minimum covariance
value calculated by the minimum covariance value-calculat-
ing unit 44.

For example, in the image (concept) of the correlation map
of the maximum slope value and the minimum covariance
value shown in FIG. 8, the horizontal (X) axis represents the
minimum variance value X, the vertical (Y) axis represents
the maximum slope value Y, and the correlation of variables
(X,Y) is mapped.

For example, in the correlation map shown in FIG. 8, two
areas Al and A2 are present and a boundary area A3 in which
the two areas Al and A2 overlap is present. The area Al
corresponds to a state where the minimum covariance value is
relatively small and the variation in vehicle group is small,
that is, a state where the inter-vehicle distance is relatively
constant. On the contrary, the area A2 corresponds to a state
where the minimum covariance value is relatively large and
the variation in vehicle group is large, that is, a state where
plural sets of vehicles having different inter-vehicle distances
are present.

The boundary area A3 is an area in which the small varia-
tion in vehicle group is transitioned to the large variation in
vehicle group. It is possible to predict the traffic congestion by
quantitatively finding the vehicle group state corresponding
to the boundary area A3.
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For example, in the diagram illustrating the relationship
between a traffic density and a traffic volume as shown in FIG.
9, the horizontal (X) axis of the graph represents a traffic
density indicating the number of vehicles present within a
predetermined distance from a specific vehicle, and the recip-
rocal of the traffic density corresponds to the inter-vehicle
distance. The vertical (Y) axis represents a traffic volume
indicating the number of vehicles passing through a prede-
termined position.

For example, it can be understood that the diagram illus-
trating the relationship between the traffic density and the
traffic volume as shown in FIG. 9 represents the traffic flow
indicating a flow of vehicles.

The traffic flow shown in FIG. 9 can be approximately
partitioned into four states (areas).

A first state (a natural flow state) R1 is a free flow state in
which the possibility of occurrence of traffic congestion is
low. Acceleration higher than a predetermined value and an
inter-vehicle distance can be secured herein.

A second state (a mixed flow state) R2 is a mixed flow state
in which braking states and accelerating states of vehicles are
mixed. This mixed flow state is a state before transition to a
traffic congested flow and is a state where the degree of
freedom of driving by a driver is lowered and the probability
of transition to a traffic congested flow is high due to an
increase in traffic density (a decrease in inter-vehicle dis-
tance).

A third state (a traffic congested flow state) is a traffic
congested flow state representing traffic congestion.

A fourth state (critical area) R4 is a critical area which is a
transition state present in the course of transition from the free
flow state to the mixed flow state. The critical area is a state in
which the traffic volume and the traffic density are higher than
those of the free flow and is a state in which the traffic flow
transitions to the mixed flow due to a decrease in traffic
volume and an increase in traffic density (a decrease in inter-
vehicle distance). The critical area is also referred to as a
quasi-stable flow or a metastable flow.

For example, the area A1 shown in FIG. 8 includes the free
flow and the critical area shown, for example, in FIG. 9. For
example, the area A2 shown in FIG. 8 includes the mixed flow
and the congested flow shown, for example, in FIG. 9.

Therefore, for example, the boundary area A3 shown in
FIG. 8 is a boundary state including both the critical area and
the mixed flow state shown, for example, in FIG. 9, and is a
boundary R5 of the critical area shown, for example, in FIG.
9.

By quantitatively understanding the critical area including
the boundary RS of the critical area, it is possible to suppress
transition to the mixed flow state and thus to prevent occur-
rence of traffic congestion.

The quantification of the critical area will be described
below, for example, referring to FIG. 10 illustrating the cor-
relation map of the logarithm of the minimum covariance
value with respect to the inter-vehicle distance distribution
and the logarithm of the maximum slope value with respect to
the acceleration spectrum.

FIG. 10(A) is a diagram briefly illustrating the map of the
traffic flow shown in FIG. 9 and FIG. 10(B) illustrates the
correlation map of the logarithm of the minimum covariance
value and the logarithm of the maximum slope value.

The logarithm of the minimum covariance value and the
logarithm of the maximum slope value shown in FIG. 10(B)
are calculated as the logarithmic values of the maximum
slope value calculated by the maximum slope value-calculat-
ing unit 36 and the minimum covariance value calculated by
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the minimum covariance value-calculating unit 44, and
depict conversion of a phase transition state into a parameter
in the critical area R4.

For example, in FIG. 10(B), the area B1 includes the criti-
cal area R4 shown in FIG. 10(A) and the area B2 includes the
mixed flow state R2 shown in FIG. 10(A). The critical line C
represents a critical point at which the possibility of traffic
congestion is high when the traffic flow goes over the critical
line and transitions to the mixed flow state. The boundary area
B3 of the areas B1 and B2 corresponds to the boundary R5 of
the critical area just before the critical line C.

The correlation map shown in FIG. 10(B) is stored in the
information storage unit 38 of the vehicle processing appara-
tus 16.

The traffic congestion-predicting unit 37 according to this
modified example determines whether the boundary state of
the critical area is present in the correlation map prepared by
the correlation-calculating unit 45, and calculates the predic-
tive degree of traffic congestion (predictive information of
traffic congestion) based on the determination result. When
the boundary state of the critical area is present in the corre-
lation map, driving support information is prepared referring
to the map data stored in the map data storage unit 32 so as to
prevent transition to the traffic congestion.

The predictive degree of traffic congestion in this modified
example represents a case where the possibility of occurrence
of traffic congestion (the predictive degree of traffic conges-
tion) is higher than a predetermined threshold value, for
example, when the boundary state of the critical area is
present in the correlation map. Additionally, the predictive
degree of traffic congestion in this modified example repre-
sents a case where the possibility of occurrence of traffic
congestion (the predictive degree of traffic congestion) is
lower than a predetermined threshold value when the bound-
ary state of the critical area is not present in the correlation
map.

The electric vehicle 1 according to this modified example
has the above-mentioned configuration. The operation of the
vehicle processing apparatus 16 of the electric vehicle 1 will
be described below.

First, for example, in step S11 shown in FIG. 11, the speed
of' the electric vehicle 1 is detected using the speed sensor of
various sensors 11, and the present position of the electric
vehicle 1 is detected using the present position-detecting unit
31.

Then, in step S12, the acceleration of the electric vehicle 1
is calculated from the temporal variation in speed or the
temporal variation in the present position based on the speed
or the present position of the electric vehicle 1.

In step S13, the acceleration of the electric vehicle 1 is
frequency-analyzed to calculate the power spectrum corre-
sponding to the frequency.

Then, in step S14, the simple linear regression line is cal-
culated in the power spectrum, and the maximum value of the
variation in slope of the simple linear regression line within a
predetermined frequency range is calculated as the maximum
slope value (calculation of the maximum value of simple
linear regression).

In step S15, it is determined whether the maximum slope
value (for example, the maximum slope value equal to or
greater than a predetermined value) is calculated.

When the determination result is “NO”, the process of step
S11 is performed again.

On the other hand, when the determination result is “YES”,
the process of step S16 is performed.

Then, in step S16, preceding vehicles present in front of the
traveling direction of the electric vehicle 1 are detected and



US 9,174,550 B2

15

the inter-vehicle distances of the electric vehicle 1 from the
preceding vehicles are calculated.

In step S17, the inter-vehicle distance distribution is esti-
mated based on the inter-vehicle distances of the electric
vehicle 1 from the preceding vehicles and the number of
preceding vehicles detected.

Then, in step S18, the minimum covariance value is calcu-
lated from the inter-vehicle distance distribution (calculation
of a singular covariance value)

In step S19, the vehicle group distribution in front of the
traveling direction of the electric vehicle 1 is estimated from
the correlation between the minimum covariance value and
the maximum slope value.

In step S20, it is determined whether the boundary state of
the critical area is present in the correlation map of the mini-
mum covariance value and the maximum slope value of the
acceleration spectrum.

When the determination result is “NO”, the process of step
S11 is performed again.

On the other hand, when the determination result is “YES”,
the process of step S21 is performed.

In step S21, the predictive degree of traffic congestion
representing the possibility of traffic congestion to occur or
the possibility of previously-occurring traffic congestion is
calculated based on the maximum slope value.

Then, in step S22, it is determined whether the calculated
predictive degree of traffic congestion indicates a congestion
tendency, for example, depending on whether the absolute
value of the maximum slope value is greater than a predeter-
mined range (for example, a range of 30° to 45° and the like).

When the determination result is “YES”, the process of
step S23 is performed. In step S23, a control instruction to
prioritize deceleration is output and then the flow of opera-
tions is ended.

On the other hand, when the determination result is “NO”,
the process of step S24 is performed. In step S24, a control
instruction to prioritize speed maintenance or acceleration is
output and then the flow of operations is ended.

In the electric vehicle driving support system 10 according
to this modified example, by combining the information,
which can be easily acquired, such as the inter-vehicle dis-
tances between the electric vehicle 1 and the preceding
vehicles, in addition to the acceleration of the electric vehicle
1 to calculate the predictive degree of traffic congestion, it is
possible to improve the accuracy and reliability of calculation
of'the predictive degree of traffic congestion and thus to more
appropriately perform driving control corresponding to the
predictive degree of traffic congestion.

In the above-mentioned modified example, information of
the present positions of other vehicles may be acquired using
an in-vehicle communication apparatus, which is capable of
communicating with other vehicles, instead of the external
surrounding sensor such as the radar apparatus and the imag-
ing apparatus, and the inter-vehicle distances between the
electric vehicle 1 and other vehicles may be calculated.

The electric vehicle driving support system 10 according to
the embodiment of the present invention may be realized by
dedicated hardware. The electric vehicle driving support sys-
tem 10 may be constructed by a memory and a CPU and the
functions thereof may be performed by loading a program
(data updating program), which is for realizing the functions
of the electric vehicle driving support system 10, into the
memory and executing the loaded program.

The program according to the present invention may be
recorded on a computer-readable recording medium and the
program recorded on the recording medium may be read and
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executed by a computer system to perform the control. Here,
the computer system includes an OS (Operating System) and
hardware such as peripherals.

The computer-readable recording medium includes a por-
table recording medium such as a DVD and a memory card
and a storage device such as a hard disk built in the computer
system. The computer-readable recording medium also
includes a medium dynamically storing a program for a short
time like a communication line when the program is trans-
mitted via a network such as the Internet or a communication
line such as a telephone line or a device storing a program for
a predetermined time like an internal volatile memory of a
computer system serving as a server or a client at that time.

The program may serve to realize some of the above-
described functions or may serve to realize the above-de-
scribed functions in combination with programs already
recorded on a computer system.

While preferred embodiments of the present invention
have been described and illustrated above, it should be under-
stood that these are exemplary of the present invention and are
not to be considered as limiting. Additions, omissions, sub-
stitutions, and other modifications can be made without
departing from the spirit or scope of the present invention.

What is claimed is:

1. An electric vehicle comprising: an electric vehicle driv-
ing support system comprising at least one processor, the at
least one processor programmed to comprise:

an acquisition unit that acquires predictive information of
traffic congestion calculated based on acceleration of the
electric vehicle;

an economical driving mode output unit that outputs a
control instruction to prioritize speed maintenance or
acceleration of the electric vehicle when the predictive
information of traffic congestion acquired by the acqui-
sition unit indicates a non-congestion tendency, and that
outputs a control instruction to prioritize deceleration
when the predictive information of traffic congestion
indicates a congestion tendency, the congestion ten-
dency is a tendency of non-rectify of a traffic flow and
represents a high possibility of traffic congestion to
occur or a high possibility of previously-occurring traf-
fic congestion, and the non-congestion tendency is a
tendency of non-rectify of a traffic flow and represents a
low possibility of traffic congestion to occur or a low
possibility of previously-occurring traffic congestion;

a regeneration prioritization mode output unit that outputs
a control instruction to prioritize deceleration of the
electric vehicle regardless of whether the predictive
information of traffic congestion indicates a non-con-
gestion tendency or the predictive information of traffic
congestion indicates a congestion tendency; and

a setting unit that sets which of the economical driving
mode output unit and the regeneration prioritization
mode output unit to select depending on a selection from
a driver.

2. The electric vehicle according to claim 1, the electric

vehicle driving support system further comprising:

a display unit that changes a display mode depending on
details of the control instruction output from the eco-
nomical driving mode output unit.

3. The electric vehicle according to claim 1, wherein the at

least one processor is programmed to further comprise:

a control unit that controls the driving of the electric
vehicle depending on details of the control instruction
output from the economical driving mode output unit.
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4. The electric vehicle according to claim 2, wherein the at
least one processor is programmed to further comprise:
a control unit that controls the driving of the electric
vehicle depending on details of the control instruction
output from the economical driving mode output unit. 5
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